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We claim: 

1 . A method for making a device, comprising: 

providing plural laminae that coupled together collectively define a 
monolithic device, a\ least one of the lamina having at least one structure, at least 
one substructure, and W least one fixture bridge, the structure and the substructure 
defining a space therebetween, and further with the substructure being coupled to 
the structure by the fixture bridge across the space; and 

dissociating the substructure by eliminating the fixture bridge. 

2. The method according to claim 1 where at least one lamina includes 
plural substructures and at least one substructure is coupled to at least one other 
substructure by a fixture bridge. 

3. The method according, to cJaim 1 whereby dissociating the substructure 
by eliminating at least one fixture bri^geprfmprises applying an electrical current 
across the fixture bridge sufficient t\ eliminate the fixture bridge. 



4. The method according to claim 1 whereby dissociating the substructure 
by eliminating the fixture bridge comprises: 
heating the fixture bridge; and 

selectively chemically eliminating the heated fixture bridge. 



5. The method according to claim 4 whereby the fixture bridge is heated 
to a temperature sufficient to allow the chemical to selectively dissolve the fixture 
bridge. ~~ 

6. The method according to claim 5 whereby a chemical is provided at a 
concentration, pH, and temperature sufficient to selectively dissolve at least one 
fixture bridge. 
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7. The method according to claim 4 where selectively chemically 
eliminating comprises using a chemical selected from the group consisting of 
acids, bases and oxidizing agents. 

8. The method according to claim 4 whereby heating the fixture bridge 
comprises applying an electrical current across the fixture bridge. 



v 



9. The method according to claim 4 whereby heating the fixture bridge 
comprises heating lamina having the fixture bridge with a laser. 

10. The method according to claim 4 whereby heating the fixture bridge 



comprises focusing a laser on the bridge. 




1 1 . The metfiod according to claim 1 whereby dissociating the 
substructure from thi structure by eliminating the fixture bridge comprises: 

placing a first ^electrode on a first substructure to be dissociated; 
contacting a structure or substructure coupled to the first substructure with 
a second electrode; and 

applying a currenl through the first and second electrodes. 

12. The method according to claim 11 where at least one of the first and 
second electrodes comprises n graphite tip. 

13. The method accordW to claim 1 further, comprising: 
registering the plural laminae; and 

bonding the plural laminaeVne to another to form a monolithic device prior 




^ to or subsequent to eliminating at least one fixture bridge. 



14. The method according to cfkim 13 whereby the method of bonding the 
plural laminae one to another to form a monolithic device i sjjgusion bpjidin g^) 
diffusion,solclering, thermaLbfazmg, adhesive bonding, thermal adhesive bonding, 
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curative adhesive bonding, electrostatic bonding, microprojection welding, 
resistance welding, or combinations of these methods. 

15. The methodVcording to claim 13 further comprising: 
filling the space bettween the structure and the substructure with a fixative 
prior to eliminating at least We fixture bridge; and 
eliminating the fixative. 



17. The method according to claim 15 where eliminating the fixative 
comprises heating the fixative. \ 

18. The method according to claim 1 whereby making the device further 
comprises utilizing fabrication technologies selected from the group consisting of 
additive freeform fabrication, Vapid prototyping, microlamination, metal 
microlamination, and micromechanical fabrication. 

19. The method according to claim 1 whereby the manner of forming at 
least one lamina is selected from the group consisting of micromachining, laser 
photoablation, chemical micromachining, electrochemical micromachining, and 
through-mask electrochemical microrAachining. 

20. The method according to claim 1 whereby the manner of forming at 
least one lamina includes lamina preparation. 

21. The method according to claim \20 whereby the method of lamina 
preparation is selected from the group consisting of chemical etching, acid 
etching, electropolishing, oxide-free coating, afad combinations thereof. 



16. The method according t<b clamvl5 where the fixative is a wax. 
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22. Trie method according to claim 1 where at least one of the lamina is 
made from a material selected from the group consisting of metals, metal alloys, 
polymers, ceramics, composites, stainless steel, carbon steel or phosphor bronze, 
and mixtures thereof- 



23. The method according to claim 1 where at least one of the lamina is 
made from stainless steel, carbon steel or phosphor bronze. 



24. The method according to claim 1 where the device is selected from the 
group consisting of Inicromechanical systems, microelectromechanical systems, 
miniature energy and Chemical systems, microthermal systems, 
microthermomechanical\sy stems, cryocoolers, alpha-Stirling coolers, heat pumps, 
compressors, thermal compressors, refrigerators, heat engines, valves, nozzled 
valves, ink-jet print-head vaWes, fuel cells, fuel combustors, fuel processors, and 
systems comprising one or mo\e of these devices. 

25. The method according\o claim 1 where the device includes at least 
one high-aspect-ratio microchannel h\ving a he ight-to- width ratio of at least 20:1. 



26. The method according to claim 1 where the device is micro-scale. 



27. The method according to claim 1 Vhere the device is meso-scale. 




28. A method for making a micro- or meso-scale device comprising: 
providing plural laminae that coupled together collectively define a 
preassembled device, at least one of the lamina having a structure and at least one 
substructure coupled to the structure or another substructure by at least one fixture 
bridge; 

registering the plural lamina^ 

bonding the laminae one to another to form a monolithic device; and 
eliminating Jhe .fixture b ridge priW or subsequent to bonding the laminae. 
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2!\^ Th V method according to claim 28 where the structure and 
substructure were formed by laser micromachining photochemical 
micromachining ,\ electrochemical micromachining, or combinations of these 
methods. 



30 The method according to claim 28 where bonding comprises 
microprojection welaii 



ling. 




3\ yi. The methoM according to claim 28 where bonding comprises diffusion 
soldering. 

3D 

?^33' The method according to claim^f* where diffusion soldering 
comprises using layers comprising copper, silver, tin, indium and combinations 
and mixtures thereof. 

The method where eliminating at least one fixture bridge comprises 
applying an electric current across the bridge. 

7*^^£ A method for making ton array of devices, comprising: 

providing plural laminae where at least one of the plural lamina has an 
array of at least two assemblies, eacfc assembly in the array comprising at least 
one structure, at least one substructure, and at least one fixture bridge, such that at 
least one of the structures and at least We of the substructures define a space 
therebetween, and at least one substrucaire is coupled to at least one structure by 
at least one fixture bridge across the spake; and 

dissociating at least one substructuVe from the structure to which it is 
coupled by eliminating the fixture bridge, thereby making an array of devices. 

36^ The method according to claim ^ where at least one of the assemblies 
includes plural substructures and at least one substructure is coupled to at least one 
other substructure by at least one fixture bridge 
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3^-37. The method according to claim STwhereby dissociating each 
substructure from its cbupled structure by eliminating the fixture bridge comprises 
applying an electrical current across the fixture bridge sufficient to eliminate the 
fixture bridge. 

yfj&f The method according to claim ^Whereby dissociating each 
substructure from its coup\ed structure by eliminating the fixture bridge 
comprises: 

heating the fixture tkidge; and 
selectively chemically eliminating the fixture bridge. 

The method according to claim 9$-whereby at least one fixture bridge 
is heated to a temperature sufficient to allow the chemical to selectively dissolve 
the fixture bridge. 

17 

^j/O^The method according to clairn-BS-whereby a chemical is provided at a 
concentration, pH, and temperature sufficient to selectively dissolve at least one of 
the fixture bridges. 

yb^ttT^The method according Vo claim-40*where the chemical is selected from 
the group consisting of acids, bases\oxidizing agents, and mixtures thereof. 

3-7 

Y? ^42*T" The method according to ddaim 3-8"*where heating the fixture bridge 
comprises applying an electrical curren^ across the fixture bridge. 

^£4$^ The method according to claifiv£5*whereby the manner of dissociating 
the substructures from structures by eliminating fixture bridges comprises: 
placing an electrode on each substructure to be dissociated; 
contacting the structure, coupled to tjie substructure with a second 
electrode; and 

applying a current through the electrodes. 
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Mr The method according to claim 55 further comprising: 
registering the plural laminae; and 

bonding the |)lural laminae one to another to form an array of monolithic 
devices. 

\ 

The methbd according to claim-W whereby the manner of bonding the 
plural laminae one to Another to form an array of monolithic devices is selected 
from the group consisting of diffusion soldering, diffusion bonding, thermal 
brazing, adhesive bondirtg, thermal adhesive bonding, curative adhesive bonding, 
electrostatic bonding, micVoprojection welding, resistance welding, and mixtures 
thereof. 

\ 

^^je^ThQ method according to claim^Twhereby dissociating each 
substructure from the structurfe to which it is coupled by eliminating the fixture 
bridge(s) is performed after the\ plural laminae are registered and bonded. 

i& -47. The method according to claim ^Twhereby dissociating each 
substructure from the structure to\ which it is coupled by eliminating the fixture 
bridge(s) is performed before the Wral laminae are registered and bonded. 

1^1 The method according to claim 4?~further comprising: 

filling the space between each structure and its coupled substructure with a 
fixative prior to eliminating the fixturfe bridge; 
eliminating the fixture bridge; ^nd 
eliminating the fixative. 



wax. 



The method according to claim ^wherein the fixative is 
^ The method according to claiin-#8-whereby the fixative is eliminated 



by heating. 
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^"0^51^ The methbd according to claim %5 whereby the manner of forming the 
plural laminae is selected from the group consisting of additive freeform 
fabrication, rapid prototyping, microlamination, metal microlamination, and 
micromechanical fabrication. 

S\ The method according to clairru^whereby the manner of forming the 
array of structures and coupled substructures is selected from the group consisting 
of micromachining, laser photoablation, chemical micromachining, 
electrochemical micromachining, and through-mask electrochemical 
micromachining. 

yf 

The method according to clairn^^^whereby forming the array of 
structures and coupled substructures includes lamina preparation. 

f. The method according to clainv^whereby the manner of lamina 
preparation is selected from the feroup consisting of chemical etching, acid 
etching, electropolishing, oxide- free coating, and mixtures thereof. 

i \ »f 

^*L56T^The method accordinguo claim ^5" wherein at least one of the lamina 
is made from a material selected from the group consisting of metals, polymers, 
ceramics, composites, stainless steefy carbon steel, phosphor bronze, metal alloys, 
and mixtures thereof. 

/ ^ \ vf 

^-567 The method according to fclaim-J£*where the device is selected from 
the group consisting of micromechanical systems, microelectromechanical 
systems, miniature energy and chemical systems, microthermal systems, 
microthermomechanical systems, cryocoplers, Stirling cycle cryocoolers, heat 
pumps, compressors, thermal compressors, refrigerators, heat engines, valves, 
nozzled valves, ink jet print head valves, miel cells, fuel combustors, fuel 
processors, and systems comprising one op more of these devices. 
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i>^^67. The mefliod according to claim 36~where the device includes at least 
one high-aspect-ratio\microchannel with a ratio of height-to- width of about at least 
20:1. 

\ * 

^J^S^ The method according to claim 35-where the size of the device is 
microscale. 

^^^9. The method! according to claim 35 where the size of the device is 
meso-scale. 



£*j^60r A method for Welding laminae, comprising: 

providing at least ope lamina with at least one projection, made of a 

material suitable for welding; 

placing the laminae \n contact with at least one other lamina at the site of 

the projection; and 

applying a current thiough the projection sufficient to weld the laminae one 
to another, thereby making tr\e device. 

£p-<6T7 The method of claimjSO'where the current is applied through plate 
electrodes. 

^ i & 

-62: The method according to claim 60^where the material suitable for 

welding is selected from the group comprising mild steel, carbon steel, low carbon 
steel, weldable stainless steel, golu, copper, and mixtures thereof. 




C-63T A method for bonding \aminae having microstructures thereon, 
comprising: 

providing plural laminae; 
registering the laminae; 

diffusion soldering the laminie one to another at a temperature and 
pressure that do not form soldering flash that restricts flow in or through features. 
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^[)J)/~ ^ The method according to claim ^Twhere the pressure is from about 2 

J< I > Mpa to about 5 Mpa. 
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